Abstract: Despite intense drug development in the last decade in metastatic urothelial carcinoma and the incorporation of novel compounds to the treatment armamentarium, chemotherapy remains a key treatment strategy for this disease. Platinum-based combinations are still the backbone of first-line therapy in most cases. The role of chemotherapy in the second line has been more ill-defined due to the complexity of this setting, where patient selection remains critical. Nevertheless, two regimens, one in monotherapy (i.e. vinflunine) and one in combination with antiangiogenics (i.e. docetaxel + ramucirumab) have shown efficacy. Immunotherapy through checkpoint inhibition has revealed remarkably durable benefit in a small proportion of patients in the first and second line and is currently the preferred partner for combinations with chemotherapy. Difficult populations such as patients with liver metastases or those progressing to checkpoint inhibition represent a medical challenge and selective ways of delivering cytotoxics, like the antibody-drug conjugates, might represent a valid alternative. This article reviews the current role of chemotherapy in the management of advanced urothelial carcinoma and the ongoing and coming studies involving this treatment strategy.
Introduction
Urothelial cancer (UC) represents a relevant medical challenge with around 430,000 new diagnoses and nearly 165,000 related deaths every year worldwide. 1 Around 4% of the patients are diagnosed with de novo metastatic disease and nearly 50% of those with localized muscle-invasive UC, despite the best treatment, will recur with disease that is normally not curable with local therapies. Untreated metastatic UC (mUC) harbours a survival expectation of 4-6 months. 2, 3 Therefore, systemic treatments have a key role in the management of mUC. The introduction of chemotherapy regimens, such as the combination of methotrexate, vinblastine, doxorubicin, and cisplatin (M-VAC) in the late 1980s and the doublet of gemcitabine and cisplatin (GC) in the late 1990s demonstrated response rates in the range of 40-60% and increased the median overall survival (OS) of these patients to nearly 15 months, leading to the incorporation of these regimens as standard therapy for mUC. 4, 5 Upon progression to first-line treatment, other chemotherapy regimens have been tested with variable degrees of success. Only vinflunine, a synthetic vinca alkaloid, has received approval in some world regions, not in the United States (US), based on the results of a phase III trial in this setting. 6, 7 More recently the concept of treatment maintenance, that succeeded in other tumour types, has been also examined in mUC. A phase II randomized placebo-controlled trial was able to demonstrate that vinflunine administered in a maintenance fashion to patients who had achieved disease control after first-line platinum-based chemotherapy, was able to delay relapse when compared with best supportive care (BSC). 8 Additionally, chemotherapy has been tested in combination with a number of other strategies [e.g. epidermal growth factor receptor (EGFR) inhibitors and antiangiogenics] with different outcomes.
Recently, immunotherapy via modulation of the checkpoint pathways with monoclonal antibodies targeting the program cell death 1 protein (PD-1) or its ligand (PD-L1), has challenged chemotherapy. Pembrolizumab, an anti-PD-1, was superior to cytotoxic treatment in a randomized phase III trial in patients with mUC that had progressed to platinum-based chemotherapy while atezolizumab, an anti-PD-L1, failed when compared with chemotherapy in a similar setting. 9, 10 Moreover, contemporary studies are evaluating the role of combining chemotherapy with checkpoint inhibition and the results are highly awaited (IMvigor130:
ClinicalTrials.gov identifier: NCT02807636, Keynote 361: ClinicalTrials.gov identifier: NCT02853305, Checkmate 901: ClinicalTrials.gov identifier: NCT03036098).
Lastly, recent studies are testing novel ways of delivering cytotoxic treatments. Accordingly, the antibody-drug conjugates (ADCs), that work with the premise of selectively introducing chemotherapy into UC cells, have shown promising results. 11 So, chemotherapy remains a critical component of the treatment armamentarium of mUC, either as a single approach, in combination with immunotherapy or as part of novel ways of dispensing cytotoxics. This article will review the role of chemotherapy in the treatment of mUC in the different clinical settings.
First-line chemotherapy
The overall population of patients with mUC that are candidates to receive first-line chemotherapy is highly heterogenous. It includes patients with only nodal disease but also those with extensive visceral involvement. Moreover, the Eastern Cooperative Oncology Group (ECOG) performance status (PS) and laboratory abnormalities might be very variable among different patients and this will also compromise treatment outcomes. Long term survival with multi-agent chemotherapy has been reported almost exclusively in patients considered as having good prognosis. Different prognostic classifications that will inform the treating physician and help in the treatment selection process have been developed in this context. The majority of prognostic classifications have been developed from clinical trial cohorts or single-centre experiences. Bajorin and colleagues proposed a classification based on 229 patients treated with the M-VAC regimen on five consecutive trials, identifying two negative prognostic factors: Karnofsky PS < 80% and presence of visceral (lung, liver or bone) metastases. Patients with none, one and two risk factors, had a median OS of 33, 13 and 9 months; and a 5-year estimated survival of 33%, 11% and 0%, respectively. 12 Subsequently, other nomograms were incorporated from cohorts including patients treated with cisplatin-based regimens; 13, 14 and other features such as hypoalbuminemia, anaemia, leucocytosis and number of metastatic sites, have been proven to impact in the survival of these patients. Finally, a nomogram from a realworld population was developed by the retrospective international study of invasive/advanced cancer of the urothelium (RISC) consortium. 15 This study included over 1000 patients treated irrespectively with cisplatin or carboplatin-based regimens. Significant baseline prognostic factors included ECOG PS, body mass index, ethnicity, prior perioperative systemic treatment, visceral metastases and white blood counts.
Cisplatin-based treatment
In the early 1980s, cisplatin-based chemotherapy combinations were developed after the demonstration of anti-tumour activity with single agents such as fluorouracil, doxorubicin, methotrexate or cisplatin. 16 In 1985, Sternberg and colleagues reported the activity of the M-VAC regimen showing in early trials an overall response rate (ORR) of 72%. 4, 17 Subsequent randomized phase III studies confirmed the superiority of M-VAC chemotherapy to single-agent cisplatin 18 and CISCA (cisplatin, cyclophosphamide, and doxorubicin). 19 In the US Intergroup trial, 18 M-VAC demonstrated an OS benefit compared with cisplatin (median OS, 12.5 months versus 8.2 months, respectively), a progression-free survival (PFS) advantage (10 versus 4.3 months) and better ORR (39% versus 12%). Remarkably, 4% of the patients treated with M-VAC were continuously disease-free at 6 years. 20 M-VAC was also superior when compared with CISCA both in terms of ORR (65% versus 46%) and OS (48.3 versus 36.1 weeks). 19 Hence, M-VAC was adopted as the gold standard first-line chemotherapy.
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Taking into account that M-VAC leads to considerable toxicities in a significant proportion of patients (usually leading to treatment delays and dose adjustments) including myelosuppression (25% rate of febrile neutropenia), infections and mucositis among others, as well as toxic deaths in up to 4% of patients, 18-23 efforts were put into seeking an alternative regimen.
On one hand, intensification of this regimen was attempted, with the addition of granulocyte colony-stimulating factor (G-CSF) in order to improve outcomes and diminish haematological toxicity. On the other hand, less toxic new compounds were tested in this setting. 25 Finally, patients receiving DD-M-VAC had fewer neutropenia and febrile neutropenia episodes, without increased nonhaematological toxicities. 24 These results prompted a shift toward the preferential use of DD-M-VAC rather than conventional M-VAC when considering this four-drug regimen.
The development of the antimetabolite gemcitabine in the early 1990s 26, 27 and its promising activity in bladder cancer as a single agent [28] [29] [30] [31] and in synergy with cisplatin, [32] [33] [34] 1%) . On the other hand, patients on GC had a higher incidence of grade 3/4 anaemia and thrombocytopaenia, but these did not translate into higher transfusion needs or bleeding rates. 5 In summary, given the favourable toxicity profile of GC and the similar survival outcomes in comparison with M-VAC, GC got widely adopted and became the standard first-line therapy for UC in most institutions.
Furthermore, in an attempt to improve GC outcomes, and based on a phase I-II study conducted by the Spanish Oncology Genitourinary Group (SOGUG), 36 a phase III randomized trial comparing GC with the triplet paclitaxel plus GC (PGC) was designed. This trial showed that the triplet strategy leads to an increased ORR (PGC 55.5% versus GC 43.6%) with no statistically significant differences in OS in the intention-to-treat (ITT) analysis (PGC 15.8 versus GC 12.7 months, p = 0.075) at a price of a higher toxicity in terms of febrile neutropaenia for the triplet (13.2% versus 4.3%, respectively; p < 0.001). Subgroup analysis suggested OS benefit for the eligible population and patients with primary bladder tumours only. Based on these results further research with triplets was abandoned and PGC is only scarcely used in very selected patients. 37 Lastly, strategies such as dose intensification with other regimes have been also tested. One small phase III study conducted by the Hellenic group attempted to compare DD-M-VAC with a regimen of DD-GC suggesting the feasibility of the latter with a better toxicity profile and similar outcomes. Nevertheless, the study had to close prematurely due to low accrual rates and funding issues resulting in not reaching the predefined sample size and thus limiting the statistical validity and translation of these results to clinical practice. 38 Regarding other cytotoxics with less toxicity, cisplatin-based chemotherapy has been compared with carboplatin combinations in different randomized trials. All of them revealed that carboplatin treatment achieves a lower response rate and shorter survival than its counterpart, restricting the use of this compound to patients with a compromised creatinine clearance or poor PS. [39] [40] [41] [42] More recently a number of studies (IMvigor130: ClinicalTrials.gov identifier: NCT02807636, Keynote 361: ClinicalTrials.gov identifier: NCT02853305, Checkmate 901: ClinicalTrials. gov identifier: NCT03036098). are challenging the role of chemotherapy in first-line patients comparing this strategy with immunotherapy via checkpoint inhibition or combinations of both strategies. While final results are highly awaited, an interim analysis has generated a warning from health regulatory authorities suggesting that a high level of PD-L1 expression could be a requisite for benefiting from checkpoint inhibition as monotherapy.
In summary, currently the standard first-line treatment for fit patients with mUC is chemotherapy based on cisplatin. This recommendation might be refined once we have the results of the ongoing studies with immunotherapy challenging chemotherapy in this setting. The choice of DD-M-VAC or GC is largely based on physician experience, institution guidelines and patient's comorbidities. No definitive differences have been demonstrated between these two regimens in terms of efficacy although DD-M-VAC is associated with a worse toxicity profile.
Treatment of patients unfit for cisplatin
Despite the results previously summarized in the earlier paragraphs, it is estimated that 30-50% [43] [44] [45] of the patients with mUC will not be able to receive cisplatin due to different reasons. The consensus definition of cisplatin ineligibility (or unfit patient) encompasses patients with mUC with any of the following criteria: ECOG PS of 2, creatinine clearance <60 ml/min, grade ⩾2 hearing loss, grade ⩾2 neuropathy, or New York Heart Association class III heart failure. 46 Different chemotherapy regimens have been tested in cisplatin-unfit mUC patients, achieving an ORR of 30-40% and a median OS of 8-10 mon ths. [47] [48] [49] [50] [51] [52] [53] [54] [55] [56] [57] [58] [59] [60] The majority of these trials had a small sample size and no control arm. Therefore, regimens such as GCa or monotherapy with single-agent cytotoxics should be considered in mUC patients unfit for cisplatin. Yet, atezolizumab and pembrolizumab represent valid alternatives in this setting proven PD-L1 expression or noneligibility for any platinum-containing regimen.
Maintenance therapy after platinum treatment
Despite the high ORR of first-line chemotherapy, the duration of response is usually limited and after progression, the prognosis is generally poor. 66 Similarly to lung cancer, in which maintenance chemotherapy has a proven benefit in terms journals.sagepub.com/home/tau 459 With the currently available evidence, maintenance cannot be recommended as a routine practice in patients with mUC after first-line treatment with platinum-based chemotherapy.
Second-line therapy

Introduction
Despite the high chemosensitivity of mUC in the first-line setting, the majority of the patients will progress and will require subsequent systemic treatments. Median PFS and OS are about 7-8 and 13-15 months, respectively, indicating an aggressive disease upon relapse. As well as in the first-line setting, a number of prognostic factors that stratify patients and help in predicting their outcomes have been identified in the second line. A retrospective analysis of patients treated with second-line vinflunine recognized ECOG PS > 0, haemoglobin < 100 g/l, and liver metastases as poor prognostic factors. The presence of none, one, two or three of these factors led to survivals of 14.2, 7.3, 3.8 and 1.7 months respectively. 76 Moreover, a short TTP after first-line chemotherapy seems to have an adverse effect on sensitivity to second-line therapy as described more recently. 77 In the last two decades, both single-agent regimens and combinations of cytotoxics have been tested with variable outcomes in the second-line setting. The first signal of activity was an American cooperative group multicentre phase II trial utilizing ifosfamide in a group of 56 patients with mUC and heavily pretreated. Ifosfamide demonstrated a promising ORR of 20%, including five complete responses. Despite this encouraging activity, the severe toxicity observed compromised further development of this regimen. 78 Following that failed attempt, many compounds have been evaluated in patients with previously treated mUC both as a single agent or in combination. The majority of the single drug studies have been phase II trials testing taxanes, antimetabolites or vinca alkaloids. Most of these studies included fewer than 50 patients and the response rate (RR) ranged from 5% to 29% with a PFS of around 3-4 months and scarce impact in OS and quality of life. Trials conducted with a combination of cytotoxic agents revealed a higher activity (RR of 16-60%) although with more toxicity and without a clear translation in OS benefit. The size of these studies was very small with most of them including fewer than 30 patients and therefore limiting any formal conclusion.
The only randomized placebo-controlled phase III trial conducted in the second-line setting compared the vinca alkaloid vinflunine plus BSC with only BSC in a pure second-line context. 6, 79 In the eligible population the median OS was significantly longer for the experimental arm (6.9 versus 4.3 months, respectively) and this difference was statistically significant. Yet, in the intent-to-treat population, the 2-month survival advantage (6.9 months versus 4.6 months) was achieved but did not reach statistical significance. 6, 79 These results led to the approval of vinflunine by the EMA in 2009, although this drug has never been approved by the US FDA.
Thus, the development of compounds in the second line has been difficult. Commonly, patients' poor ECOG PS, impaired renal function, comorbidities and advanced age, have compromised trial design, feasibility and patient accrual into trials. Also, some factors have jeopardized the progress in this context. First, the lack of a commonly accepted definition of second line. Many studies include patients who had received perioperative chemotherapy and then progressed in different time points, along with those who progressed after a first-line treatment for metastatic disease. It is well known that these are two very different populations in terms of prognosis. Second, the inclusion of patients with diverse UC locations such as bladder and upper genitourinary (GU) tract with distinctive biology and expected behaviour might bias the conclusion of some trials. Lastly, many of these studies lack a proper stratification by established prognostic parameters therefore introducing another bias that needs to be considered in the interpretation of the results limiting the possible comparison among trials.
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In the following, we summarize the most relevant evidence of cytotoxic treatment in the second line presented by a family of drugs.
Taxanes
Despite a lack of solid data, the taxanes have been extensively utilized in the past in some world regions given the absence of other approved alternatives. Docetaxel, paclitaxel and nab-paclitaxel have been the drugs from this family tested either as single agents or in combination.
Docetaxel. The two studies conducted in the late 1990s, one in Europe 80 and in one in North America, examined for the first time the activity of docetaxel as a single agent in mUC in chemonaïve and cisplatin pretreated patients respectively. McCaffrey and colleagues from Memorial Sloan Kettering Cancer Center in 1997 published data from a phase II study where 30 patients upon progression to a previous cisplatinbased chemotherapy, received 3-weekly docetaxel at 100 mg/m 2 . The ORR was 13.3% with a median duration of response between 3 and 8 months and a median OS of 9 months. Haematological toxicity was the most relevant adverse event with 70% of grade 4 neutropaenia and 50% of febrile neutropaenia (G-CSF was not utilized routinely in this trial). 81 Docetaxel was also tested in a weekly fashion at doses of 30 mg/m 2 on days 1 and 8 every 21 days in a single-arm phase II study in a similar population demonstrating better tolerability but modest activity with an ORR of 6% and median PFS and OS of 1.4 months, and 8.3 months respectively. 82 Based on these preliminary, but insufficient signs of activity as a single agent, further trials attempted to demonstrate the efficacy of docetaxel in combination with other cytotoxics or alternative strategies. In 2001, Kregge and colleagues published the results of a small German phase II study where ifosfamide in combination with docetaxel revealed some promising activity and good tolerability. Out of 20 evaluable patients, the ORR was 25%, including 4 complete responses (CRs), all in patients with only isolated retroperitoneal lymph node disease, and with 50% of them having received previous chemotherapy only in the perioperative setting. Despite these promising activity results, the median OS was only 4 months. 83 In 2012, Choueri and colleagues communicated the results of a phase III study where 142 patients with mUC with progression after platinum-based therapy were randomized to either docetaxel or the combination of docetaxel with vandetanib [an oral anti-EGFR, anti-vascular endothelial growth factor receptor (VEGFR)2 and anti-RET]. No statistically significant differences in PFS or OS were observed between both arms and worse toxicity was reported for the combination group. 84 Subsequently, an open-label three-arm randomized controlled phase II study compared, in a cohort of 140 patients with mUC that had progressed during or within 12 months of platinum-based treatment, docetaxel versus docetaxel combined with either the monoclonal antibody (mAb) ramucirumab [a human immunoglobulin G1 (IgG1) against VEGFR-2] or icrucumab (a human IgG1 mAb that targets VEGFR-1). The study demonstrated the superiority for the docetaxelramucirumab arm but not for the icrucumab combination. 85 These results led to a randomized, double-blind, phase III study that has been recently communicated (the RANGE study). This trial tested over 500 patients with mUC who progressed during or after platinumbased chemotherapy, the administration of 3-weekly docetaxel at 75 mg/m 2 plus either intravenous ramucirumab 10 mg/kg or matching placebo. The study met its primary endpoint (investigator-assessed PFS), analyzed by ITT. The PFS was extended significantly in patients assigned to the ramucirumab plus docetaxel arm (median 4·07 months; 95% CI 2.96-4.47 versus 2·76 months, 2.60-2.96; HR 0.757, 95% CI 0.607-0.943; p = 0.0118). The OS data was immature at the time of this analysis and given the gatekeeping statistical design, a formal statistical analysis of response cannot be done, although a higher proportion of patients allocated to ramucirumab achieved a response compared with placebo (24.5% versus 14.0%), including nine CRs versus three in the placebo arm. The combination did not show additive toxic effects or impairment in the patient's quality of life. These results seem to validate VEGFR-2 as an appropriate target in mUC and represent the first chemo-combination that achieves better results than chemotherapy alone in this patient population. 86 Nevertheless, this trial has a short follow up (5 months) and the effect of not stratifying patients according to prognostic criteria and including patients previously treated with immunotherapy is unknown. More mature data are probably needed to validate the real impact of this combination.
Other strategies such as sequential treatment have been also explored with docetaxel with little success. Thus, a Greek phase II trial investigated GC followed by docetaxel and revealed a small effect for second-line docetaxel even when given straight away after four cycles of GC. The median TTP was 6.8 months and the median OS was 13 months. 87 Paclitaxel. The antimicrotubule agent, paclitaxel, was first evaluated in UC in a phase II study published in 1994 by Roth and colleagues. This trial included a small cohort of 26 treatment-naïve mUC patients. The observed ORR of 42% (with 27% CR) was encouraging and led to further clinical development. 88 This included the evaluation of single-agent paclitaxel in a number of studies in pretreated mUC patients. Nonetheless, the clinical activity of paclitaxel as monotherapy in the second-line setting was quite disappointing with a modest ORR in the range of 7-10% and a scarce impact in OS. In 1997, Papamichael and colleagues communicated the negative results of a small multicentre British study where 14 patients with previously treated mUC received paclitaxel at 200 mg/m 2 every 3 weeks as a rescue therapy. The activity was very low with only one patient responding (7% ORR). 89 Years later in 2002 in the US, Vaughn and colleagues published the results of a study where 31 mUC patients with progression to first-line treatment received weekly doses of paclitaxel at 80 mg/m 2 . Therapy was well tolerated with minimal haematological and nonhaematological toxicity but also with modest activity (10% ORR) and a median TTP of barely 2.2 months and a median OS of 7.2 months. 77 More recently a small French Genitourinary Tumour Group (GETUG) study in the same setting, analyzed 55 patients in the role of weekly paclitaxel at 80 mg/m 2 (on days 1, 8, and 15, of a 28-day cycle). Activity was similar to previous studies (9% ORR) with a stable disease (SD) rate of 38%, and so was the survival data (median OS close to 7 months) with a 1-year OS rate of 22%. More notably was the observation that most of the patients who achieved clinical benefit had a good baseline ECOG PS (0 or 1) and more than two-thirds of them (71%) had received previously adjuvant or neoadjuvant chemotherapy, emphasizing the relevance of patient selection in this clinical setting and the objectives to be set in such a challenging population. 90 Following this, a number of combination studies with paclitaxel have been conducted. In 1999, Sweeney and colleagues communicated one of the first attempts of combining paclitaxel with other cytotoxics. A total of 13 patients with previously treated mUC, received paclitaxel plus ifosfamide; nevertheless, the combination failed to exceed the activity of each single agent separately. 91 Subsequently a small Italian phase II study showed promising activity of the combination of paclitaxel and gemcitabine (GP). Out of 40 evaluable patients, the ORR was 60% with a 28% of CR. This activity was remarkably higher in those patients who had been previously treated in the perioperative setting compared with those who received prior chemotherapy for metastatic disease. The median OS for patients given GP after failing neoadjuvant or adjuvant M-VAC was 12 months (range, 2-43+), as compared with only 8 months (range, 2-28) for patients who had been treated after failure of prior therapy for metastatic disease. Around a third of the patients (32%) developed grade 3-4 neutropaenia, with febrile neutropaenia in three (7%) patients. 92 Subsequently, two small randomized trials comparing GP up to 6 cycles versus continuous GP until progression were reported, showing no major differences between a fixed or a continuous strategy. 93, 94 Despite being randomized trials and the relatively high ORR (37-50%), considering their small sample, the mixed and imbalanced populations between the arms in terms of modality of first-line treatment and prior diseasefree interval, the unclear benefit of retreatment with previously used agents bladder cancer (up to 50% of those patients were previously treated with gemcitabine), and that vinflunine had been approved in Europe based on more solid data; further research was not pursued under this combination.
Nab-paclitaxel. Nanoparticle albumin-bound (nab)-paclitaxel is a solvent-free formulation of paclitaxel with better tolerance than standard taxanes, and that does not require steroid premedications. This drug was first investigated in pretreated mUC in a Canadian phase II singlearm study. Out of 47 evaluable patients 27.7% responded including a 2.1% of CR. Tolerance was good overall, with fatigue, pain, alopecia and neuropathy as the most frequent adverse events. 95 These encouraging results led to a phase III study recently communicated at the American Society of Clinical Oncology meeting in 2018 where 199 patients with mUC and either progression after treatment for systemic disease or within 12 months of concluding cisplatin-based perioperative therapy were randomized to nab-paclitaxel 260 mg/m 2 
Vinca alkaloids
The microtubule-inhibiting vinca alkaloid, vinflunine, is the most extensively studied drug in the second-line setting. It was first evaluated in a two single-arm phase II studies in slightly different populations with ORRs of 15-18% and median duration of response (mDOR) of 6-9 months. 100, 101 Following this, a randomized phase III trial included 370 patients with mUC progressing after first-line platinum-based chemotherapy, excluding those who had received previous perioperative chemotherapy only. The majority of the patients had progressed within 6 months of receiving previous chemotherapy and more than two-thirds had visceral metastasis. The ITT analysis failed to show a statistically significant OS improvement for the experimental arm when compared with placebo (6.9 versus 4.6 months, p = 0.287) although a significant improvement in ORR (8.6 versus 0%, p = 0.006) and median PFS (3.0 versus 1.5 months, p = 0.001) was noted. Moreover, a multivariate Cox analysis adjusting for prognostic factors showed an increase in OS with vinflunine (p = 0.036) and a reduction in the risk of death by 23%. When the analysis was applied to the eligible population only (n = 357), the median OS improvement reached statistical significance (6.9 versus 4.3 months, p = 0.04).
The most relevant grade 3 or 4 adverse events for vinflunine were haematological events [neutropenia (50%), febrile neutropenia (6%), anaemia (19%)] and out of the nonhaematological events, fatigue and constipation with 19% and 16% respectively were the most relevant. These initial data have been later reinforced for real-world data that have shown a median OS in the region of 10 months. 7 Probably good patient selection and better management of this drug and its related adverse events explains these better outcomes over time.
Antimetabolites
Mostly, two drugs considered as antimetabolites have been evaluated in mUC: gemcitabine and the antifolate, pemetrexed.
Gemcitabine. Gemcitabine, a pyrimidine antimetabolite, has been tested in mUC upon progression to cisplatin-based chemotherapy in several studies. As a single agent, gemcitabine was evaluated in four small single-arm trials: three European and one Japanese. 28, 29, 102, 103 The two Italian studies evaluated the activity of this drug at weekly doses of 1200 mg/m 2 or 1000 mg/m 2 respectively for 3 weeks every 28 days in small single-centre experiences. Also, a multicentre German study analyzed a slightly different schema (gemcitabine 1250 mg/ m 2 days 1-8 every 21 days) in a similar population. Lastly, a Japanese phase II trial evaluated singleagent gemcitabine in patients with mUC who were previously treated with a platinum-based regimen. Gemcitabine was administered on a weekly basis at 1000 mg/m 2 for 3 consecutive weeks followed by 1 week of rest. Overall, these studies had small sample sizes including 24-44 patients. They reported ORRs ranging from 11% to 25%, with CRs in the range of 4-13%. The median PFS stated varied from 3.1 to 4.9 and the median OS from 5 to 13 months. Despite limited activity, quality of life and control of tumour-related symptoms were improved significantly along with good tolerability. The most relevant grade 3-4 toxicities reported were leucopaenia (36%), thrombocytopaenia (11%) and anaemia (11%). Among nonhaematologic grade 3 adverse events, lung toxicity and skin toxicity (i.e. exanthema) were the most relevant at 11% and 4% respectively. The studies in combination with taxanes have already been discussed in previous sections.
Pemetrexed. Pemetrexed acts by inhibiting the enzyme, thymidylate synthetase, resulting in decreased availability of the thymidine necessary for pyrimidine synthesis. Pemetrexed also inhibits dihydrofolate reductase and glycinamide ribonucleotide formyl transferase (a folate-dependent enzyme involved in purine synthesis). Folate and vitamin B12 nutritional status affects the toxicity of pemetrexed, including rates of neutropenic fever. This compound has been extensively used in the US and other world regions as an option for the treatment of mUC until the recent availability of other compounds.
Pemetrexed was first tested in mUC in 2003 as part of its initial clinical development and responses of around 30% were reported in an untreated population. 104 This led to a singlecohort phase II study assessing the efficacy and safety of pemetrexed as a second-line chemotherapy for metastatic disease or first-line chemotherapy of metastatic disease that had recurred within 12 months of adjuvant therapy. The final reported ORR was 27.7% and the toxicity profile with a previous load of vitamin B12 and folic acid was manageable. No substantial differences in terms of efficacy were reported for patients who received treatment for metastatic disease or those relapsing after adjuvant treatment. In terms of disease control (DC), pemetrexed was associated with a DC rate of 48.9% after two cycles and a median OS of 9.6 months and a 1-year survival of 41.8%. 105 However, a subsequent single institution study conducted at Memorial Sloan Kettering Cancer Center (MSKCC) in a similar population could not be completed due to futility after the analysis of the first 13 patients enrolled and only 1 response (ORR 8%). The toxicity profile was slightly worse than in the previous study. Multiple reasons could potentially explain these differences in activity, including patient selection, previous treatments, trial design, etc. To address this discrepancy a retrospective analysis of over 120 patients with mUC who received pemetrexed at MSKCC outside of a clinical trial between 2008 and 2013 was performed by Bambury and colleagues. They also looked for potential prognostic factors for OS in this population. The ORR in this group was 5% (95% CI 1-9%) with a median duration of response of 8 months. Median PFS and OS were 2.4 and 6.7 months respectively. The only two factors that had independent prognostic significance after multivariable analysis were the ECOG PS (p < 0.01), the liver metastases (p = 0.02), and the neutrophil-lymphocyte ratio (p < 0.01). Pemetrexed was overall well tolerated and only 15% of the patients required dose reductions mostly due to either fatigue or haematological toxicity. Febrile neutropaenia and grade 3-4 thrombocytopaenia was reported in 5% and 8% respectively, both lower than stated in previous studies. 106 Other agents Oxaliplatin. Other cytotoxics have been explored in second-line mUC with no robust outcomes. Thus, oxaliplatin was evaluated in a study where patients were assigned to one of two different arms based on their sensitivity to cisplatin. No patient in the so-called 'cisplatin-resistant' arm responded to oxaliplatin and only 1 out of 10 did in the 'cisplatin sensitive' arm at a modest activity of 10% ORR. 107 Ixabepilone. The microtubule stabilizer, ixabepilone, showed slight activity after previous chemotherapy treatment with an ORR of 11.9% (90% CI, 5.3%, 26.5%) and a median OS of 8 months in a cohort of 45 mUC patients. Haematological toxicity, fatigue, and sensory neuropathy were the most common side effects. 108 So, in summary, multiple attempts with several cytotoxic drugs have been performed in the last three decades in second-line mUC with limited success. Response rates in the range of 0-60% in unselected populations have been documented in phase II, single agent and combination studies. When taken to the phase III setting, only two compounds have shown reasonable signs of activity (Tables 2 and 3) . Vinflunine, that succeeded in the per protocol analysis when compared with BSC and the combination of docetaxel-ramucirumab that revealed greater PFS and ORR than docetaxel alone. The former was associated with a PFS of 3 months and a median OS around 7 months while the latter achieved a PFS of 4.07 months and an ORR of 26%.
These data have been recently challenged by the arrival of immunotherapy in this setting. As further reviewed, a number of phase II trials conducted with immune checkpoint inhibitors in the second line, revealed ORRs close to 20-25% with a median OS of around 10 months. Remarkably, they all had a small group of long survivors beyond the 24-month mark and a more favourable toxicity profile when compared with chemotherapy.
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Role of chemotherapy in the immunotherapy era
Since 2014, multiple clinical trials analysing the role of immune-oncology (IO) agents in mUC have been published. 9,10,62,63,110-119 Overall, five drugs targeting either PD-1 or PDL-1 (atezolizumab, avelumab, durvalumab, nivolumab and pembrolizumab) have been approved in the US after progression to platinum-based chemotherapy following single-arm phase I-II trials. 111, 114, 116, 118, 119 In Europe atezolizumab, pembrolizumab and nivolumab have received regulatory approval. Subsequently, two phase III randomized trials comparing respectively pembrolizumab 9 and atezolizumab 10 with chemotherapy were performed.
In the KEYNOTE-045 trial, pembrolizumab demonstrated an increased OS and ORR, but no PFS advantage, over chemotherapy. 9 On the other hand, the IMVIGOR 211 study comparing atezolizumab with chemotherapy with a hierarchical fixed-sequence procedure in a prespecified biomarker-selected population, was negative. Atezolizumab did not improve OS, PFS nor ORR when compared with investigator's choice chemotherapy. 10 Despite these conflicting results, taking into consideration the tolerability profile of immunotherapy, and its duration of response, IO agents have superseded and replaced chemotherapy in the second-line setting. However, there is still space for debating whether all patients progressing to front-line platinum-based chemotherapy should be treated with IO.
On the one hand, it is well known that only a minority of patients with mUC (around 20-25%) will respond to immunotherapy. 9,10 Moreover, the so-called hyperprogression phenomena, consisting of rapid growing of the journals.sagepub.com/home/tau 467 tumour after administration of immunotherapy, has been described by three different groups in 9-29% of patients treated. [120] [121] [122] Whether hyperprogression in mUC reflects a detrimental effect of immunotherapy or it is just enlightening the natural history of some patients with bad prognosis, remains to be established. Yet, it is well known that a subset of patients will quickly develop progressive disease while on immunotherapy and subsequently their general status will decline, making it unlikely for them to receive further chemotherapy. In IMvigor210, patients treated with second-line atezolizumab were more likely to progress on first radiological assessment (done at 9 weeks) when having liver metastases, low haemoglobin (<10 g/dl), high tumour burden (per sum of target lesion diameter) and PS ECOG > 0. 123 Patients with these bad prognostic indicators, or those who could not tolerate pseudoprogression or hyperprogressive disease should be selected carefully for second-line treatment, more likely chemotherapy if able to receive it.
Furthermore, although only useful as hypothesisgenerating, the subgroup analysis of IMVIGOR211 revealed that patients with renal pelvis tumours seemed to derive greater benefit of chemotherapy, but this finding is inconsistent with the KEYNOTE-045 trial, in which pembrolizumab seemed to derive a better survival in patients with upper tract tumours. On the other hand, both phase III trials, supported that patients with limited lymph node spread achieved better outcomes in terms of survival and response rates, when treated with either pembrolizumab or atezolizumab, a finding consistent with earlier PD-1/ PD-L1 inhibitors studies. 9, 10 The previously mentioned clinical characteristics have not been established as predictive factors of response but rather as prognostic factors and may only be reflecting a complex molecular biological basis of UC. Although solid predictive molecular biomarkers which could potentially help clinicians to select patients for the approved treatments are lacking, there is hope for precision medicine in the coming years. 124 The PD-L1 biomarker in patients with mUC progressing to platinum-based treatment has been proven to be consistently inconsistent, 125 and currently, it is insufficient on its own to identify patients who would benefit most from one strategy or the other.
Mutations in DNA damage and repair (DDR) genes may predict responses both to chemotherapy 126, 127 and immunotherapy [128] [129] [130] [131] in patients with UC. Perhaps, patients with defects in this pathway could benefit from a combination strategy.
In recent years, whole genome and RNA sequencing has allowed researchers to identify different molecular subtypes of muscle-invasive bladder cancer. 132 These subtypes have a prognostic significance, but more notably, they may display different sensitivities to therapeutic strategies. For example, luminal tumours appear to be particularly sensitive to immune checkpoint blockade. 133 On the other hand, basal-squamous subgroups harbour the worst prognosis, but benefit the most from neoadjuvant chemotherapy, 134, 135 although whether these results will replicate in the metastatic setting and allow clinicians to a better optimization of therapies, remains an open question. Contrary to the basal subtype, luminal-papillary tumours have a better prognosis but seem to respond worse to cisplatin-based neoadjuvant chemotherapy, 135 and these patients are likely to achieve better outcomes with fibroblast growth factor receptor 3 (FGFR3) inhibitors, since this target is overexpressed in this subset. [136] [137] [138] Finally, small cell/neuronal tumours are also initially highly chemosensitive, but responses are usually short, and thus, novel approaches for this subtype are needed. 139 The impact of chemotherapy in patients progressing both to platinum-based chemotherapy and checkpoint inhibitors remains uncertain, however preliminary data suggest that checkpoint inhibitor exposure does not appear to confer resistance to chemotherapy and that salvage chemotherapy as a third-line agent after checkpoint inhibitor failure may derive a clinical benefit. 140, 141 A small retrospective study showed that in this population, 92% of the patients achieved disease control with chemotherapy, mainly driven by stabilizations. 141 Another European multicentric retrospective analysis showed, despite the relatively high proportion of responses, that only a third of these patients eventually received further systemic treatment after checkpoint inhibitor progression. 140 The only prospective study that tested chemotherapy in patients previously treated with checkpoint inhibitors was the RANGE trial comparing docetaxel in combination with ramucirumab with docetaxel plus placebo, although only 7% of the patients included in the trial had been previously exposed to checkpoint inhibitors 86 and thus analysis of this subgroup remains limited by the small sample size.
As mentioned previously, patients who are unfit to receive cisplatin as a first-line therapy, represent an unmet medical need. Currently, two checkpoint inhibitor agents, pembrolizumab and atezolizumab, have prospective single-arm data with encouraging results in this population, 62,63 and subsequently, both the US FDA and EMA approved these agents for this profile of patients, implying that both checkpoint inhibitor agents and carboplatin-based regimens coexisted as a therapeutic option for the same population, in the absence of a predictive biomarker that could guide choosing the preferred treatment.
More recently, both the US FDA and EMA have restricted both agents to PD-L1-positive patients (defined as combined positive score (CPS) ⩾ 10 per DAKO 22C3 in the case of pembrolizumab, and as immunohistochemistry (IC) ⩾ 5% per VENTANA SP142 for atezolizumab). This decision was taken on the basis of an assessment conducted by the data monitoring committee for the phase III IMvigor130 (ClinicalTrials.gov identifier: NCT02807636) and KEYNOTE-361 (ClinicalTrials.gov identifier: NCT02853305), which are examining the efficacy of atezolizumab and pembrolizumab respectively, alone or in combination with chemotherapy as a front-line strategy. The analysis of these data showed, indeed, a decreased OS in patients with PD-L1 low status in the single-agent immunotherapy arms compared with chemotherapy. 64 Thus, in the absence of further data, patients unfit for cisplatin should be considered for carboplatinbased chemotherapy when PD-L1 status is low and their ECOG PS is acceptable for this treatment. Instead, immunotherapy should be contemplated in patients with PD-L1 high tumours or those unable to receive any platinum-based combination.
Moreover, in both first-line phase II trials, atezolizumab and pembrolizumab ORR were low in patients with liver (ORR 8-17%) or visceral (ORR 14-23%) metastases, 62,63 and perhaps, these patients should be considered for front-line chemotherapy which leads to higher ORR (around 40%). 56 Strikingly, the US FDA and EMA communications are somehow conflicting with the previous phase II studies, in which atezolizumab led to better survival rates in PDL-1 negative patients 63 and CPS ⩾ 10 per DAKO 22C3 enriched for response to first-line pembrolizumab, but did not preclude a response in biomarker-negative patients, 62 underlining the importance of randomized controlled trials and the inconsistency of PD-L1 status as a biomarker in UC. Thus, the complete results of the ongoing phase III trials in the first line are eagerly awaited in order to help clarify the role of PD-L1 expression in mUC.
Role of chemotherapy combinations and non-IO novel approaches
Chemotherapy + IO combinations Immunotherapy derives a prolonged benefit in those patients who respond to this treatment strategy (ranging 13-31% in an unselected population). 9,10,62,63, [110] [111] [112] [113] [114] 116, 118, 119 Conversely, platinum-based chemotherapy leads to a high proportion of response, but the duration of response is generally short and the proportion of patients alive after 5 years is poor. 4, 5, [17] [18] [19] 37, 56 Moreover, cytotoxics such as gemcitabine have been shown to lead to immunogenic cell death. In an MC38 model, gemcitabine showed additive/ synergistic effects with muDX400 (murine anti-PD-1). 142 Also, as mentioned previously, combining chemotherapy with IO agents may be useful in the presence of somatic mutations in DDR genes, since these alterations have been correlated with high responses to chemotherapy and immunotherapy. [126] [127] [128] [129] [130] [131] A phase II trial testing ipilimumab, a CTLA4 inhibitor, in combination with GC showed that combing immunotherapy and chemotherapy is feasible and seems particularly effective in patients harbouring DDR genes alterations. 130 Different phase III trials testing the combination of PD-1 or PD-L1 inhibitors with platinum-based chemotherapy are ongoing. Both IMVIGOR130 (ClinicalTrials.gov identifier: NCT02807636) and KEYNOTE 361 (ClinicalTrials.gov identifier: NCT02853305) are testing atezolizumab and pembrolizumab, under a similar design. Both studies allow cisplatin-fit and unfit patients, and patients can be allocated to three different arms: a checkpoint inhibitor alone; a checkpoint inhibitor + platinum-based chemotherapy followed by checkpoint inhibitor maintenance after 4-6 cycles if there is no progressive disease; and standard of journals.sagepub.com/home/tau 469 care platinum-based chemotherapy. In addition, the Checkmate 901 trial (ClinicalTrials.gov identifier: NCT03036098) is similar to the previous studies but introduces an IO combination arm with nivolumab + ipilimumab (without chemotherapy) instead of a checkpoint inhibitor monotherapy arm.
Chemotherapy + non-IO combinations
Non-IO targeted therapies have so far, vastly failed to demonstrate improvement of outcomes in mUC patients. Antiangiogenic agents alone are not active in unselected patients 72,84,143 and some of them are highly toxic in combination with chemotherapy. 144 However mAbs targeting the VEGFR family can be safely combined with chemotherapy and can improve chemotherapy efficacy. A phase II study combining gemcitabine-carboplatin chemotherapy with bevacizumab demonstrated an ORR of 49%. Median OS was 13.9 months (above the expected) but the median PFS of 6.5 months did not reach the predesignated value. 145 Also, a phase II trial investigating bevacizumab in combination with cisplatin-gemcitabine demonstrated a promising median OS of 19.1 months. 146 These results provided enough argument for investigating bevacizumab in UC, and a phase III study of GC with or without bevacizumab was conducted (ClinicalTrials.gov identifier: NCT00942331). The results of this trial have not yet been communicated.
More recently, as discussed in previous sections, the results of a phase II and a phase III trial, testing the combination of second-line docetaxel with antiangiogenics against VEGFR-2 such as ramucirumab, demonstrated the efficacy and feasibility of this approach. 85, 86 As the biological and molecular knowledge of UC expands, novel targeted therapies are likely to arise, particularly in biomarker-selected patients. Alterations in fibroblast growth factor receptor (FGFR)3 are found in approximately one-fifth of patients with locally advanced or metastatic bladder cancer. 147 These alterations appear to be enriched mostly in luminal-papillary tumours, 137 which at the same time, seem to be less responsive to immunotherapy. 118, 119 Early trials have demonstrated that inhibition of FGFR3 is effective in biomarker-selected patients, [148] [149] [150] and a combination with docetaxel has already been tested in a phase I trial 109 and a phase II expansion is currently enrolling patients with FGFR3 mutations or fusions.
Docetaxel has also been combined in a phase II trial with the Hsp27 inhibitor, apatorsen, demonstrating increased activity in comparison with docetaxel, although median OS (6.4 months for the combination arm) remains to be short. The levels of Hsp27 seem to be prognostic, but not predictive of apatorsen efficacy. 151 Contrary to this finding, survival was not improved by combining this drug with first-line GC. 152 Finally, novel epigenetic modulating agents are being tested in bladder cancer among other tumours. Epigenetic changes such as DNA methylation and histone modification are capable of altering gene expression without modifying the DNA sequence. In mUC, promoter hypermethylation affects many genes 153 and reversal of this hypermethylation can lead to tumour suppressor gene re-expression. At the same time, preclinical data suggest cisplatin resistance might be avoided by concurrent administration of a DNA hypomethylating agent. 154, 155 SPIRE is a phase Ib/IIa trial evaluating the safety and activity of the DNA methyltransferase inhibitor guadecitabine (SGI-110) in combination with GC chemotherapy (ISRCTN16332228). 156 
Antibody-drug conjugates
The antibody-drug conjugates (ADCs) represent an innovative way of delivering chemotherapy. The structure of any ADC comprises a mAb that binds to a specific antigen highly expressed in the cancer cell surface, a cytotoxic compound and a linker molecule. Once the mAb binds, the antigen is internalized by endocytosis and release the cytotoxic drug (also known as the payload) after a process of lysosomal degradation. The payloads are broadly divided into two families, those disrupting tubulin homeostasis (i.e. aurastatins and maytansines) and those acting on DNA (i.e. SN-38 calicheamicins, pyrrolobenzodiazepines and duocarmycins). The formers have had more development and represent a high percentage of the payloads in the ADCs. 157 The maytansines include emtasine (DM1) and ravtansine (DM4) and the auristatins comprise monomethyl auristatin E (MMAE) and F (MMAF). Toxicity of ADCs will be determined by each payload utilized but overall include haematological, hepatic, ocular and peripheral neuropathy. Currently, there are a number of ADCs in the advanced phases of clinical 470 journals.sagepub.com/home/tau development in mUC including enfortumab vedotin (ASG-22CE/ASG-22ME), sacituzumab govitecan (IMMU-132) and ASG-15ME. The development of the ADC, enfortumab vedotin, is based on the knowledge that UC cells almost universally express a type I transmembrane protein named nectin-4, whose expression in normal tissue is limited. 158 This drug consists of a human antinectin-4 mAb link to the tubulin disrupting agent, MMAE. Strong preclinical activity of this compound in UC animal models supported further clinical development. A recent update of a phase I trial with this agent (ClinicalTrials.gov identifier: NCT02091999), focused exclusively in the cohort that received enfortumab vedotin at the recommended phase II dose (n = 112) showed a confirmed ORR of 33% (95% CI 24.7-42.9) with eight additional unconfirmed Partial responses (PRs) pending confirmation. 11 More notably, significant activity was observed in two difficult populations, those patients who had progressed to previous checkpoint inhibitor therapy (32% ORR; n = 84) and those with liver metastases and progression to checkpoint inhibitors (26% ORR; n = 23). The drug was overall well tolerated with hyponatraemia and vomiting as the two most common grade 3 adverse events, although hyperglycaemia was identified as a class adverse event. There are two trials with enfortumab vedotin, a singlearm phase II study and a randomized phase III study versus chemotherapy that are presently enrolling patients (ClinicalTrials.gov identifiers: NCT0329333 and NCT03474107). Combination studies have been initiated utilizing enfortumab vedotin along with either atezolizumab or pembrolizumab (ClinicalTrials.gov identifier: NCT03288545). This solid clinical development has granted enfortumab vedotin the breakthrough designation by the US FDA. The two other ADCs (IMMU-132 and ASG-15ME) bind respectively to the glycoprotein trop-2 and the SLIT and NTRK-like (SLITRK) 6 type I transmembrane protein. 159 The former is a human trophoblast cellsurface antigen, with a high expression in muscleinvasive bladder tumours compared with nonmuscle invasive and healthy urothelium. The latter is a transmembrane protein primarily found in the brain, associated with hearing and vision development and expressed almost universally in tumours of both the lower and upper urinary tract. Notably, SLITRK6 is expressed in over 50% of nontransitional cell histologies. 160 IMMU-132 consists of an anti-trop-mAb conjugated with the active metabolite of irinotecan (SN-38). In a phase I/II study for multiple tumours (ClinicalTrials.gov identifier: NCT01631552) activity of this drug was observed in mUC patients with an ORR of 38%. 161 In a larger cohort, remarkable responses in patients with liver metastases were reported (39% ORR). 160 The ADC ASG-15ME comprises an SLITRK6-antibody conjugated to the tubule disrupting agent MMAE. 162 Preliminary efficacy of this compound showed remarkable activity including responses in patients previously treated with checkpoint inhibitors and those with liver metastases along with a good safety profile. 163 Thus, ADCs appear to be a promising treatment strategy to deliver chemotherapy in a selective and less toxic mode. This group of compounds has revealed encouraging activity and an acceptable safety profile. Moreover, their efficacy does not seem confined to good prognosis patients as they have shown notable responses in patients with liver metastases. Future studies will determine the real value of ADCs in mUC.
In summary, chemotherapy has a relevant role in the treatment of mUC in different clinical settings. Cisplatin-based combinations remain the preferred treatment option in first-line fit mUC patients. In patients deemed unfit for platinum, both carboplatin-based combinations, singleagent chemotherapy regimens or immunotherapy are valid options. However, the use of the latter in the first line is currently restricted to those tumours with PD-L1 expression or unable to tolerate any platinum combination. In the secondline setting, chemotherapy with vinflunine or with the combination of docetaxel and ramucirumab, would represent valid options. Yet, the recently incorporated checkpoint inhibitors are a good alternative in this setting, achieving long term benefit in selected patients with better safety profiles. Pembrolizumab has demonstrated superiority when compared with chemotherapy in this setting. No validated predictive biomarkers of response exist yet to help treatment choice. Based on these data, a potential treatment algorithm has been built ( Figure 1 ) to guide patient treatment. More likely, the results of the ongoing studies with combinations of chemotherapy and immunotherapy will demonstrate the additive value of both strategies and also the novel ways of delivering cytotoxics will open a new opportunity for patients with mUC as well as drugs targeting particular molecular abnormalities such as fibroblast growth factor receptor gene alterations or defects on DNA damage repair genes. PS, performance status; GFR, glomerular filtration rate; GEM-CIS, gemcitabine and cisplatin; GEM-CARBO / GCa, gemcitabine and carboplatin; MVAC, metrotexate, vinblastine, doxorubicin and cisplatin; DD-MVAC, dose dense MVAC; PGC, paclitaxel, gemcitabine and cisplatin; PD-1, programmed death-1; PD-L1, programmed death-ligand 1. 
